Abstract: Various aspects of protein intake are thought to be crucial for the prevention of sarcopenia in older adults. Information about the day-to-day variation in these aspects is lacking. Our objective was to examine whether daily protein intake, protein distribution across meals, number of meals providing adequate protein, and protein sources vary across the week in healthy community-dwelling older adults. In 140 persons (51% women) that were aged 75-85 years, protein intake was assessed by seven-day food records. On average across the week, protein intake (median 52.4-65.2]% of protein intake was animal-based. According to Friedman's test, differences throughout the week were observed in women for daily protein intake (p = 0.038; ] g/kg BW) and number of meals with adequate protein (p = 0.019; ≥1 daily meal: Sunday: 69.4% vs. Tuesday: 41.7%). On Sunday, protein intake was most in agreement with suggestions to prevent sarcopenia. In men, protein intake did not differ throughout the week.
Introduction
For the maintenance of muscle mass in older persons and the prevention of sarcopenia, several aspects of protein intake are suggested to be relevant. These are a daily intake of at least 1.0 g/kg BW (body weight), an even distribution of the daily amount across the main meals, a per-meal amount of at least 0.4 g/kg BW, and a high protein quality, i.e., a high amount of animal-based protein [1] [2] [3] [4] [5] [6] . In order to prevent or delay the onset of sarcopenia and to regularly stimulate muscle protein synthesis and inhibit breakdown, experts recommend meeting these aspects of protein intake every day of the week and at every meal [3] .
There is evidence primarily in middle-aged adults that dietary intake differs throughout the week. On the weekends, more energy, fat, carbohydrates, and alcohol are consumed [7] [8] [9] , and meal sizes are larger [8] . These differences are attributed to social, psychological, and environmental factors [8, 10] . A few studies in older adults showed that protein [7] or fat intake [8, 11] were higher on the weekend compared to weekdays, but these weekend-weekday differences were less pronounced than in younger individuals. Overall, little is known about the variation of protein intake from day to day in older adults and detailed information on the adherence to suggested aspects of protein intake across the week is lacking. Traditional eating habits, like eating fish on Fridays or a Sunday roast, as well as eating in a restaurant or together with relatives or friends on the weekend might affect the amount and quality of protein intake. While excessive energy intake on the weekend might play a negative role in long-term weight management in younger adults [10, 12] , in older adults, a greater dietary intake and particularly protein supply might be beneficial for the maintenance of muscle mass.
In several previous studies showing an association between protein intake and muscle mass and function, protein intake was assessed by 24-h dietary recalls or food records on a maximum of three days [13] [14] [15] [16] [17] [18] [19] [20] [21] . These studies used the mean protein intake for the analysis and did not take potential variations in protein intake across the week into account. Information on the day-to-day variation in the aspects of protein intake would be valuable for the adequate assessment of protein intake. The identification of specific days of the week with more favorable protein intake would be useful for dietary counselling with respect to the prevention of sarcopenia. However, to the best of our knowledge, the variation in the above-mentioned aspects of protein intake across the week has not been investigated in older adults yet. Thus, it was our objective to examine whether the daily amount of protein intake, the distribution of protein across the main meals, the number of meals providing an adequate amount of protein, and the protein sources differ between the seven days of the week in healthy, community-dwelling older adults.
Materials and Methods

Study Design and Participants
For this cross-sectional, multi-center study, community-dwelling healthy Caucasian adults aged 75-85 years were recruited between April 2016 and March 2018 in Nuremberg and Freising, Germany. We aimed at recruiting 160 persons, 100 persons from Nuremberg and 60 from Freising, with equal proportions of men and women. Exclusion criteria were: BMI less than 18.5 or greater than 35 kg/m 2 , smoking, immobility, need of care, unintended weight loss of more than 5% in the previous three months, cognitive impairment (Mini Mental State Examination (MMSE) <24 points), blood transfusion in the previous three months, and current participation in intervention studies. In addition, the following physician-diagnosed chronic diseases (self-reported, medication list) led to exclusion: human immunodeficiency virus infection, liver disease, diabetes mellitus, endocrine disease, autoimmune disease, renal failure requiring dialysis, lung disease, stomach ulcer, or the occurrence of heart failure, stroke, coronary heart disease, untreated hypertension, cancer, and psychological and neurological or neurodegenerative diseases within the previous three years.
The study was conducted according to the guidelines that were laid down in the Declaration of Helsinki and all the procedures were approved by the ethics committees of the Friedrich-Alexander-Universität Erlangen-Nürnberg (number: 291_15 B) and the Technical University of Munich (number: 452/15). Written informed consent was obtained from all participants prior to inclusion. The study was registered at the German Clinical Trials Register (DRKS-ID: DRKS00009797).
General study eligibility was screened by a systematic telephone interview, and individuals meeting the inclusion criteria were invited to the study centers for a screening. If eligible, they were scheduled for two test days, each approximately 5 h in length. Participants were asked to refrain from any intense physical activity the evening before and the morning of the two test days. More detailed information on study procedures is published elsewhere [22] . 
Assessment of Paticipants' Characteristics
Information on participants' living situation (alone/with partner/with children/with grandchildren/with relatives of same generation/with others), eating companion (alone/with partner/with relatives/with others), and appetite (very good/good/medium/poor/very poor) was obtained by standardized self-report questionnaires.
Depressive symptoms were screened using the Geriatric Depression Scale (GDS; 0-15 points) [23] . A score of >7 points indicates a depressed mood [24] .
The cognitive status was rated with the MMSE (0-30 points) [25] . Higher scores indicate better cognitive status.
The nutritional status was evaluated with the Mini Nutritional Assessment (MNA; 0-30 points) [26] . A score ≥24 indicates a normal nutritional status, between 23.5 and 17 indicates a risk of malnutrition and a score <17 indicates malnutrition.
The Short Physical performance Battery (SPPB; 0-12 points), including tests for balance (side-by-side, semi-tandem, tandem stances), usual gait speed (4 m course), and functional lower extremity strength (sit-to-stand, five repetitions) was applied to assess physical functional status [27] . Each domain scores 0-4 points, with higher scores indicating better performance. An overall sum score was calculated [27] .
Body height (in cm, to the nearest 0.1 cm) was measured without shoes while using a stadiometer (Seca, Hamburg, Germany). BW (in kg, to the nearest 0.05 kg) and body composition, including fat free mass in kg by Bioelectrical Impedance Analysis (BIA), were assessed using a Seca medical Body Composition Analyzer 515 (Seca, Hamburg, Germany) after overnight fasting. At the study site in Freising, participants were weighed in underwear. In Nuremberg, the participants wore light clothes and no shoes, and thus weight was corrected by subtracting 1 kg. Skeletal muscle mass (SMM) was calculated according to the equations of Janssen et al. [28] and then divided by height squared to obtain the skeletal muscle index (SMI, kg/m 2 ).
Aspects of Protein Intake
Dietary intake was assessed while using an open seven-day food record. At the screening visit, the participants were provided with detailed written and oral instructions by nutritional scientists. All foods and beverages, portion sizes (using a scale or household measures), and the time of intake were reported. Participants were instructed to stick to their usual dietary habits. The last reporting day was the day prior to the first test day. On test day 1, the records were checked for completeness and, if necessary, participants were asked for additional information.
Food intake was categorized into 'breakfast', 'morning snack', 'lunch', 'afternoon snack', 'dinner', and 'evening snack' based on time of intake and size/composition of meal. Energy and macronutrient intake were calculated per day and per meal using EBISpro software (EBISpro, Willstätt-Legelshurst, Germany, 2016) based on the German nutrient database 'Bundeslebensmittelschlüssel' (version 3.02, Karlsruhe, Germany) [29] . Data entry was checked by a second nutritional scientist.
The evenness of protein distribution across the three main meals was expressed by the dimensionless coefficient of variation (CV) of protein intake at breakfast, lunch, and dinner (CV = standard deviation/mean)-the smaller the CV, the more even the distribution. Furthermore, the intra-individual variation in daily protein intake across the week was assessed based on the CV of the daily protein intake.
Protein intake per day and per meal in g was divided by participants' BW in kg to obtain the relative intake. The number of meals per day containing ≥0.4 g protein/kg BW was counted with a potential maximum number of six meals.
For every reported food item, the amount of protein (g) was assigned to one of eight protein source categories: Three plant-based protein sources, namely 'starchy foods', 'fruits, vegetables, pulses, nuts and seeds' and 'other predominantly plant-based protein sources' and five animal-based protein sources namely 'meat and meat products', 'dairy products', 'eggs and egg products', 'fish and seafood', and 'other predominantly animal-based protein sources' were considered. In the case of mixed foods, the component(s) with the highest protein content led to categorization based on common recipes.
Data Analysis and Statistics
Statistical analyses were performed with SPSS Version 24 (IBM SPSS Statistics, Chicago, IL, USA). Data were tested for normality for men and women separately using the Shapiro-Wilk test and they are presented as mean ± standard deviation (SD) or median and interquartile range (IQR). Differences in continuous characteristics between men and women were tested using Mann-Whitney U test or independent samples t-test (normally distributed). For categorical characteristics, Chi 2 test was applied. In order to determine whether aspects of protein intake differ between the seven days of the week in men or women, Friedman's test (dependent samples) was used. In the case of significant difference, pairwise Dunn-Bonferroni Post-hoc test adjusted by Bonferroni correction for multiple tests was applied to locate these differences. The level of significance was set at p < 0.05.
Results
Characteristics of the Study Participants
Three hundred and sixty-nine individuals were screened for eligibility by telephone calls. Two hundred and nine did not fulfill all the inclusion criteria. Of the 160 eligible and tested individuals, 19 participants were excluded from the present analysis because of a dietary recording period of less than seven days and one man was excluded because of a mean energy intake of more than three SD from the mean. In total, 140 participants (104 from Nuremberg; 36 from Freising), hereof 72 women, were included in the present analyses.
Participants' characteristics are presented in Table 1 . Mean age (±SD) was 78.2 ± 2.8 years and the mean BMI was 26.6 ± 4.0 kg/m 2 . Nutritional status was normal in 94.3% of participants according to MNA and no participant had malnutrition. The functional status was good in 95.0% according to SPPB (>10 points). None of the participants rated his/her appetite as poor or very poor and 12% reported moderate appetite. More than half of the participants reported living alone and eating their main meal usually alone. These proportions were higher in women than in men ( Table 1) .
The mean energy intake was 1733 ± 330 kcal/day in women and 2121 ± 444 kcal/day in men. The mean protein intake was 63.9 ± 14.6 g/day in women and 78.1 ± 20.3 g/day in men (Table 1) . [13.3-17 .0]% of energy intake without differences between men and women (p = 0.793 and p = 0.720, respectively).
Intra-individual variation in daily protein intake, as measured as CV of protein intake across the seven weekdays, was 0.24 [0.19-0.29] (minimum: 0.07; maximum: 0.53) and it was also not different between men and women (p = 0.636).
Protein intake relative to BW and in percent of energy intake on each day of the week are presented stratified by sex in Figures 1 and 2 [13.3-17 .0]% of energy intake without differences between men and women (p = 0.793 and p = 0.720, respectively).
Protein intake relative to BW and in percent of energy intake on each day of the week are presented stratified by sex in Figures 1 and 2 , respectively. In women, protein intake in g/kg BW was different across the week (p = 0.038), and according to the Post-hoc test higher on Sunday (0.99 [0.78-1.31] g/kg) as compared to Tuesday (0.79 [0.68-1.12] g/kg) (p = 0.013). Protein intake in percent of energy intake was, however, not different across the week in women (p = 0.705). In men, both variables did not differ across the week. 
Distribution of Protein Intake between the Three Main Meals across the Week
On each of the seven weekdays, the median number of daily meals was 4.0 [4.0-5.0] with no difference across the week, in either in women or in men. The median CV across the three main meals on average over the seven days was 0.50 [0.40-0.61] without any difference between men and women (p = 0.245). Figure 3 shows the distribution of protein intake across the three main meals as CV for each weekday, separately for men and women. No differences were observed across the week in women or men. Figure 3 shows the distribution of protein intake across the three main meals as CV for each weekday, separately for men and women. No differences were observed across the week in women or men. 
On each of the seven weekdays, the median number of daily meals was 4.0 [4.0-5.0] with no difference across the week, in either in women or in men. The median CV across the three main meals on average over the seven days was 0.50 [0.40-0.61] without any difference between men and women (p = 0.245). Figure 3 shows the distribution of protein intake across the three main meals as CV for each weekday, separately for men and women. No differences were observed across the week in women or men. 
Number of Meals Providing Adequate Protein across the Week
The daily number of meals providing at least 0.4 g protein/kg BW on average across the week was 0.57 [0.43-1.00], with no difference between men and women (p = 0.563). Using the Friedman's test, the daily number of meals with adequate protein differed across the week in women (p = 0.019). Pairwise post-hoc test adjusted by Bonferroni correction for multiple tests did not, however, identify that certain days that were different. In men, no difference in the daily number of meals with adequate protein intake was observed across the week (Friedman's test p = 0.536).
The proportion of men and women consuming 0, 1, 2, or 3 daily meals providing at least 0.4 g protein/kg BW by weekday is displayed in Figure 4 . None of the participants consumed more than three meals per day providing this amount of protein. On Sunday, the highest proportion (69.4%) and on Tuesday, the lowest proportion (41.7%) of women met the recommendation of 0.4 g protein/kg BW per meal at least once a day. Two or more meals were also most often reached on Sunday (19.4% of women). In men, the rate of participants consuming at least one daily meal with adequate protein was also highest on Sunday (63.2%) and lowest on Monday (48.5%). The rate of men consuming two or more meals with adequate protein was, as well, highest on Sunday (23.5%).
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The proportion of men and women consuming 0, 1, 2, or 3 daily meals providing at least 0.4 g protein/kg BW by weekday is displayed in Figure 4 . None of the participants consumed more than three meals per day providing this amount of protein. On Sunday, the highest proportion (69.4%) and on Tuesday, the lowest proportion (41.7%) of women met the recommendation of 0.4 g protein/kg BW per meal at least once a day. Two or more meals were also most often reached on Sunday (19.4% of women). In men, the rate of participants consuming at least one daily meal with adequate protein was also highest on Sunday (63.2%) and lowest on Monday (48.5%). The rate of men consuming two or more meals with adequate protein was, as well, highest on Sunday (23.5%). 
Protein Sources across the Week
The median [IQR] proportion of animal protein on average across the week was 58.6 [50.3-63.5]% of the total protein intake in women and 61.3 [53. .9]% in men (p = 0.021). The contribution of the main protein sources to total daily protein intake across the seven weekdays is displayed in Figure 5 , separately for men and women. The proportion of animal protein was not different across the seven weekdays in women (p = 0.459) or in men (p = 0.264). When looking at particular protein sources, the contribution of eggs and egg products to total the protein intake was different between the seven weekdays in women (p = 0.033) and in men (p = 0.012); however, the pairwise Post-hoc test did not reveal significant pairs. Furthermore, the proportional intake of protein deriving from fish and seafood was different across the week in women (p = 0.004). The proportion of fish and seafood intake was highest on Friday in both sexes ( Figure 5 ), but the pairwise Post-hoc test did not identify typical fish and seafood days. No other differences in the contribution of protein sources were observed across the week. 
Discussion
To the best of our knowledge, this is the first study describing the variation of various aspects of protein intake across the week in healthy community-dwelling older adults. Overall, the variation of these aspects was rather moderate across the week and a wide inter-individual variation was observed. In women, differences between the seven weekdays were found for the total daily protein intake (g/kg BW), number of meals with adequate amount of protein, as well as protein intake from eggs and egg products and fish and seafood. Sunday appears to be the day that is most in agreement with the suggestions for the maintenance of muscle mass, however, not in line with the per-meal concept of three daily meals with at least 0.4 g/kg BW [4] .
Protein intake was assessed by seven-day food records. This approach is time-intense for participants as well as study staff. However, only this method allows the analysis of intra-individual variation of dietary intake over a full week. Only one previous study in older adults assessed food intake over a seven-day period, but clustered Monday through Thursday (weekdays) vs. Friday through Sunday (weekend days) [8] . In our sample, this categorization of raw data did not seem reasonable, since protein intake on Sunday was special. Other studies with larger sample sizes assessed only two independent days per participant and pooled weekdays and weekend days across different participants [7, 11] .
As intended, our participants were healthy and in a good emotional, cognitive, nutritional, and functional status. Daily protein intake was similar or slightly less than previously reported in healthy older persons of the same age [13, 17, 21, 30, 31] , and slightly below the recommendation of 1.0 g/kg BW for older adults of the Germany Society for Nutrition [32] . In line with previous results in older adults (mean age 78 years) in the United Kingdom (UK), the suggested per-meal threshold of 0.4 g protein/kg BW was only rarely reached [33] . In the present study, protein intake was more evenly distributed across the main meals than in the UK (CV: 0.67 ± 0.2) [33] and another study with nonfrail adults with a median age of 82 years from Germany (CV: 0.68 [0.15-1.24]) [30] . However, Figure  3 shows that the inter-individual variation of the CV was large on each day of the week. The proportion of animal protein per day ( Figure 5 ) was slightly above a representative value for Europe (57%) that was calculated by Gorissen and Witard [6] , based on aggregated representative data by the Statistics Division of FAO. This indicates that protein quality was generally good. 
As intended, our participants were healthy and in a good emotional, cognitive, nutritional, and functional status. Daily protein intake was similar or slightly less than previously reported in healthy older persons of the same age [13, 17, 21, 30, 31] , and slightly below the recommendation of 1.0 g/kg BW for older adults of the Germany Society for Nutrition [32] . In line with previous results in older adults (mean age 78 years) in the United Kingdom (UK), the suggested per-meal threshold of 0.4 g protein/kg BW was only rarely reached [33] . In the present study, protein intake was more evenly distributed across the main meals than in the UK (CV: 0.67 ± 0.2) [33] and another study with non-frail adults with a median age of 82 years from Germany (CV: 0.68 [0.15-1.24]) [30] . However, Figure 3 shows that the inter-individual variation of the CV was large on each day of the week. The proportion of animal protein per day ( Figure 5 ) was slightly above a representative value for Europe (57%) that was calculated by Gorissen and Witard [6] , based on aggregated representative data by the Statistics Division of FAO. This indicates that protein quality was generally good.
Up to now, the number of studies on the variation of dietary intake across the week in older adults has been very limited [7, 8, 11] and one of these studies did not report protein intake [11] . In 46 American adults aged ≥65 years, no difference in protein intake (percent of energy intake) between Monday through Thursday (weekdays) vs. Friday through Sunday (weekend days) was observed [8] . In 2530 adults aged ≥70 years from the United States (US), a 0.3% higher energy intake from protein was observed on a weekend day compared to a weekday [7] . Interestingly, in the age groups younger than 70 years in this study, the percentage of protein of total energy intake was lower on weekend days as compared to weekdays [7] . While we did not find a difference across the week for protein intake expressed as percent of total energy intake, the protein intake relative to BW was in women. In terms of muscle metabolism and compliance to dietary recommendations [2, 32] , the protein intake relative to BW is more relevant than protein intake in percent of energy intake but has not been investigated before. Moreover, the present work expands these general observations on proportion of macronutrient intake by a detailed characterization of aspects of protein intake across the week.
Previous studies have shown that week-weekend differences in dietary intake might be explained by social and environmental factors [8, 10] , and that older adults are responsive to these influences [8] . In our study, women lived more often alone and ate their main meals more often alone than men (Table 1) . Women also had a 'better' protein intake on Sunday (than on Tuesday), which might be explained by eating with company and/or more traditional eating habits on Sundays. This speculation needs to be confirmed in future studies. In regard to dietary counselling, the better protein intake on Sunday is an interesting observation since older women could be encouraged to eat more often like they do on Sundays.
As indicated by the CV of daily protein intake across the week, some individuals consume their protein in a very uniform manner throughout the seven weekdays (minimum CV: 0.07), while others show a more varying protein intake (maximum CV: 0.53). Future research needs to investigate which protein intake pattern across the week is more beneficial regarding muscle mass preservation.
Our results show that the threshold of 0.4 g protein/kg BW is difficult to reach and only a few participants consumed such an amount of dietary protein three times daily (Figure 4 ). The proportion of older adults eating at least one or two meals with this amount of protein was highest on Sunday. The question may arise, whether a few weekly meals might be sufficient to support the maintenance of muscle mass, as habituation to regular high per-meal protein intake might occur. There is one experimental study in older men investigating a 14-day habituation to low (0.7 g protein/kg BW/day) vs. high protein intake (1.5 g protein/kg BW/day) that showed no subsequent changes to postprandial muscle protein synthesis rates after ingestion of 25 g protein [34] . This observation provides evidence that protein anabolism is not diminished when every meal contains sufficient protein but is also not augmented when just a few meals per week provide adequate protein. From a theoretical point of view, this means the more meals above the threshold, the better for the muscle. However, the present study demonstrates that the per-meal concept [4] is not applied under real-life conditions. Whether there is a long-term benefit of substantial modification of the diet towards three meals per day with a protein content above 0.4 g/kg BW [4] needs to be evaluated in future studies.
The proportion of animal protein intake in our study was stable across the week in both sexes ( Figure 5 ). The intake of egg protein varied across the week, but no specific day(s) high or low in egg protein were identified. Overall, the contribution of the egg protein to protein intake was small since dietary guidelines restricted the intake off egg protein for more than half a century [35] , and thus, not many people consume eggs daily. Fish and seafood was the other protein source that revealed differences across the week, though only in women and not in men. Nevertheless, Figure 5 points towards a higher proportion of fish and seafood protein on Friday than on the other days of the week. Thereby, Friday as traditional fish day may encourage particularly older people to eat fish on a regular basis. Fatty fish, possibly due to the additional n-3 fatty acids, was shown to be associated with grip strength [36] .
A major strength of the present study is the detailed investigation of several aspects of protein intake across the week. Dietary assessment over a seven-day period in each participant is more comprehensive and detailed than in previous studies on weekday-weekend comparisons [7, 11] . Thirdly, the categorization of protein sources was in line with previous studies [37, 38] to ensure comparability of our results with published data.
One limitation is the regional focus of the study. One could speculate that especially the contribution of protein sources to protein intake might differ across regions and countries. Despite intensive employee training and the use of standard operating procedures, a centre bias cannot be excluded. Dietary intake was prospectively self-reported. In order to minimize the risk of misreporting, the participants were instructed to stick to their usual diet, every protocol was thoroughly checked for completeness, and missing information was immediately collected. Furthermore, it was previously shown that the underreporting rate is lower for protein intake than for energy intake [39] . To avoid an effect of the season on dietary intake, recruitment was spread over the course of one year with similar proportions of participants in each season. Moreover, no difference in protein intake (g/kg BW/day) between persons, who participated in the summer term (49.3% of participants) and winter term was observed (p = 0.700, data not shown).
Conclusions
In summary, the present study showed that the investigated aspects of protein intake are rather stable across the seven weekdays in community-dwelling healthy older men and women. Nevertheless, a small variation in protein intake across the week was observed, particularly in women. Overall, the adherence to the suggestions of protein intake for the maintenance of muscle mass was rather low, but on Sunday, protein intake was most in agreement with these recommendations. Future studies need to evaluate whether there is a long-term benefit of substantial dietary modifications for the maintenance of muscle mass and function. If so, strategies to improve compliance to protein intake suggestions, especially the per-meal threshold of 0.4 g/kg BW, need to be developed. Based on our observation, one simple recommendation for women could be to eat more frequently, like they do on Sundays. Funding: This work was funded by a grant of the German Ministry for Education and Research (BMBF) 01EA1409C. The preparation of this paper was supported by the enable Cluster and is catalogued by the enable Steering Committee as enable 028 (http://enable-cluster.de). We acknowledge support by Deutsche Forschungsgemeinschaft and Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU) within the funding programme Open Access Publishing.
